Traditional two-dimensional mesenchymal stem cells (MSCs) are better than spheroid MSCs on promoting retinal ganglion cells survival and axon regeneration.
The loss of retinal ganglion cells (RGCs) is one of the common pathological features associated with optic nerve diseases leading to blindness. The aims of our study were to compare the neuroprotection of two forms of human umbilical cord blood-derived mesenchymal stem cells (hUCB-MSCs) on RGCs and axon regeneration after optic nerve crush (ONC) in vivo, and to investigate the molecular mechanism. The effects of intravitreally transplanted hUCB-MSCs cultured in two-dimensional (2D-MSCs) and spheroids (3D-MSCs) were assessed by the survival of RGCs, regenerating axons, and flash visual evoked potentials (fVEP); the level of signal factors secreted by transplanted MSCs in vitreous and the marker protein levels of JAK/STAT3, PI3K/Akt/mTOR and MAPK/ERK pathways were detected using Bead-Based analysis and Western blot, respectively. We found that RGCs began to lose at day 3 after ONC, rapidly decreased at day 7, and flattened at day 14. The neuroprotection of transplanted 2D-MSCs was much stronger than that of 3D-MSCs. The transplanted 2D-MSCs could survive at least 2 weeks without differentiation and keep the characters of MSCs, which secreted multiple tropic factors and accompanied by activation of JAK/STAT3 and MAPK/ERK signaling pathways, top three most abundant factors: stem cell growth factor- β (SCGF-β), hepatocyte growth factor (HGF), and monocyte chemoattractant protein-1 (MCP-1). These results indicate that intravitreal injection of 2D-MSCs is a promising therapeutic strategy for retinal pathological diseases characterized by the loss of RGCs and open the door for the application of SCGF-β, HGF, and MCP-1 in the treatment of optic nerve diseases.